(Stone and Legg, 1992; Whalen and Whalen, 1994; Izuno and Capone, 1995). Stone and Legg (1992) 
is expected that Pa measures labile and reserve P. The Pw procedure often provides acceptable results for vegetable crops in the EAA that have a substantially shorter T he EAA is a 280 000 ha agricultural basin of Histogrowing season than sugarcane. With the 8 to 14 mo sols in southern Florida. About 144 000 ha of sugargrowing season of sugarcane, several workers believe cane are grown in the EAA (Glaz, 1998) . Legislation that a measure of reserve P such as the Bray 2 or Pa mandates that the P content of water discharged from would provide better calibrations. the EAA be reduced by at least 25% from the baseline Korndö rfer et al. (1995) reported that Pa predicted mean calculated using 1978 through 1988 data (Whalen cane and sugar yield responses to P better than Pw. and Whalen, 1994) . This is one of several measures However, their analyses were based on what are now aimed at sustaining much of the unique habitat characoutdated or minor cultivars on EAA Histosols. Also, teristic of the predrained Everglades. In addition, about they did not report P responses by crop year (plant 16 000 ha in the EAA are being converted from agriculcrop and ratoons) and they did not test responses of ture to specially designed artificial wetlands to serve as theoretical recoverable sugar. The objective of this study Storm Water Treatment Areas (STAs) (Stone and Legg, was to compare, for the plant and two ratoon crops, P 1992). Water released from the STAs must have its P fertilizer recommendations determined by Pw and Pa concentration reduced to no more than 50 g L Ϫ1 by for major and promising sugarcane genotypes grown on 2002 (Walker, 1996) . In addition, the legislation inHistosols in the EAA. cluded options for further research to determine if levels lower than 50 g P L Ϫ1 would be necessary to restore MATERIALS AND METHODS the ecologic health of the Everglades. Since then, reResponses to three rates of P fertilizer were determined search has documented changes in natural populations for 24 sugarcane genotypes. Eight genotypes were field tested of Everglades flora and fauna at P concentrations at two locations, and two other groups of eight genotypes greater than 10 g P L Ϫ1 (McCormick et al. 1999 ).
were each tested at one of two other field locations. All four Farmers in the EAA are successfully using an exten- for pH (Sanchez, 1990) , Pw (Sanchez, 1990) Table 1 . To choose stalks, a starting point was of the EAA. These soils often contain more than 85% organic selected from one of the middle two rows of each plot, and matter (Zelazny and Carlisle, 1974 ) comprised primarily of from that starting point, the next 10 mature stalks were coldecomposed sawgrass (Cladium jamaicense Crantz). The exlected. Since sugarcane grows in large stools of primary, secperiment at Location 1 was on a Terra Ceia muck (euic, hyperondary, tertiary, etc. stalks, this sampling procedure helps thermic Typic Medisaprist). The experiments at Locations 2, collect a representative mixture of stalks. 3, and 4 were on Dania muck soils (euic, hyperthermic shallow TRS was calculated from the Brix and pol of each sample Lithic Medisaprist). As described by McCollum et al. (1976) , using a previously described procedure (Legendre, 1992) . As the distinguishing characteristic between a Dania and Terra described by Meade (1963, p. 625) , Brix represents the apparCeia muck is depth of soil over limestone rock. The thickness ent solids in a sugar solution and is measured as a percentage. It was measured with a refractometer that automatically corof the organic layer is Ͼ130 cm in a Terra Ceia muck and rected for temperature. Pol, as described by Meade (1963, p . Ͻ51 cm in a Dania muck. 625), was the value obtained from polarization of the sugar Treatments in all experiments were arranged in randomized solution in a saccharimeter. No units were given for pol by complete-block designs with four replications. Each experi- Meade (1963, p. 625) . TCH was calculated by multiplying stalk ment had two factors, sugarcane genotypes and P fertilizer number by stalk weight. Stalk weight was measured from the rates. Fertilizer rate zero, P0, was no P fertilizer; P1 was an same sample of 10 stalks used to calculate TRS. Dates on often-recommended commercial rate of 24 kg P ha Ϫ1 ; and P2 which stalk counts were conducted are shown in Table 1 . was 48 kg P ha Ϫ1 . These fertilizer treatments were applied in Analyses of variance were calculated by using PROC GLM each crop year of each experiment; applications were made of SAS (SAS Inst., 1985) . The analyses were calculated as in the furrow at planting and topdressed in a band adjacent split plots in time (crop years) arranged in randomized comto each row in ratoon crops. All P was applied as triple superplete-block designs with two factors (genotypes and P fertilizer phosphate. Fertilizer application dates are shown in Table 1. rates). The REPEATED statement (SAS Inst., 1985) was used These dates were similar to commercial fertilizer application to calculate the repeated observations by crop. Genotypes and dates for the fields containing each experiment.
P fertilizer rates were evaluated as fixed effects. Preplanned All plots were fertilized with Cu, Mn, Zn, and B at comsingle degree of freedom comparisons were used to evaluate monly used commercial rates and with K at the rate of 186 linear and quadratic responses to P fertilizer rates for each kg ha
Ϫ1
. The planting dates of the experiments were December crop year. These comparisons were calculated as described 1993 (Location 1), 23 Nov. 1993 (Location 2), 29 Dec. 1994 by Steel and Torrie (1980) . The error mean square was used (Location 3), and 22 Nov. 1995 (Location 4). Plots were four as the best estimate of pooled error to test significance of these preplanned comparisons. Significant F values were sought at cussed separately (unpublished data, 1999) . The soil at 4 6.6 1.0 25.0
Location 1 had a lower pH than the soils at the other three locations which had similar pH values (Table 2) . only for the ratoon crops on the soil at Location 1, based on its labile soil P (Pw) of 10.9 kg ha Ϫ1 (Table 2 and Also, Pw at Location 1 was substantially higher than at Locations 2, 3, and 4. The lower Pw values at Locations Sanchez, 1990) . Thus, the consistent, positive response to increasing P from P0 to P2 was not expected at Loca-2, 3, and 4 may be directly related to their higher pH values because the solubility of P in water decreases as tion 1 based on the Pw and pH soil-test results. Korndö rfer et al. (1995) classified the Pa of 17.9 kg pH increases. Location 1 had a lower Pa than locations 2, 3, and 4, but the magnitude of the difference was not ha Ϫ1 at Location 1 (Table 2) at the low end of the medium group. For this Pa classification, they predicted as great as for Pw. Locations 2, 3, and 4 were similar in Pw, and Locations 3 and 4 had moderately lower Pa that a positive yield response to moderate rates of P fertilizer would be likely. Since a positive yield response values than Location 2 (Table 2) .
At Location 1, increasing rates of P resulted in linear occurred from P0 to P2, Pa was more useful than Pw for predicting response to P fertilizer at Location 1. increases in TCH and TSH in each crop year (Table 3) . The quadratic responses to P for TCH and TSH also
The same genotypes were planted at Locations 1 and 2. A positive yield response to increasing rates of P were significant in the ratoon crops. In each case, the significant quadratic responses were due to yield infertilizer was expected at Location 2 based on the higher pH and the lower labile soil P (Pw) at Location 2 comcreases that were greater from P0 to P1 than from P1 to P2 (Table 3 ). The positive TSH response from P0 to pared with Location 1 (Table 2) . However, at Location 2 there were no significant responses to P fertilizer for P1 was particularly strong in the first-ratoon crop at Location 1 due to the positive linear response of TRS TRS, TCH, and TSH (Table 4) . Of the four locations in this study, the soil at Location 2 had the highest Pa to P in that crop year. There were no other significant TRS responses to P at Location 1.
( Table 2) and was classified at the high range of the medium group described by Korndö rfer et al. (1995) . Glaz and Ulloa (1994) verified earlier work of Lucas (1982) when they reported that for a soil similar to the At this classification, a yield response was predicted by Korndö rfer et al. (1995) , but not with as much certainty Terra Ceia muck at Location 1 with a pH at the low end of the 4.9 to 7.5 range, less P fertilizer was necessary as for lower Pa values. Thus, neither Pw nor Pa predicted the lack of response to P fertilizer at Location 2. due to an increase in soluble, available P expected at the low pH. In addition, P fertilizer was recommended For the eight genotypes at Locations 1 and 2, the Pa test was a better predictor of responses to P fertilizer in the first-ratoon crop at Location 1, TRS responded positively to P increases from P0 to P1 (Table 3) . At than the Pw test. At Location 1, a high Pw correctly predicted responses to P in the ratoon crops, but incorLocation 3, the only TRS response to increasing P fertilizer rates was negative and this occurred in the secondrectly predicted no response to P fertilizer in the plantcane crop. At Location 2, the low Pw incorrectly preratoon crop (Table 5) . Glaz and Ulloa (1994) reported that more available dicted a response to P fertilizer. Conversely, a moderately low Pa at Location 1 correctly predicted positive P caused reductions in TRS on a soil similar in pH and Pw to that of Location 1 and higher in Pw than that of responses to P in all three crop years. The moderately high Pa at Location 2 approached, but did not reach, Location 3. Based on these previous results, we expected increasing P to cause decreases in TRS at Location 1 the Pa range where supplemental P fertilizer is not recommended.
rather than at Location 3. Similarly, the Pa results did not explain the second-ratoon decrease in TRS. A possiThe soil at Location 3 was similar in pH and Pw to Location 2, however, its Pa was more similar to that of ble explanation for these unexpected results is that the TRS response is genotype dependent, because a differLocation 1 (Table 2 ). The yield responses at Location 3 also were more similar to those of Location 1 than ent group of eight genotypes was used at Locations 1 and 3. Location 2. From the plant-cane through the secondratoon crops, TCH and TSH had positive linear reLocation 4 was similar in pH and Pw to Locations 2 and 3 and more similar in Pa to Location 3 than Location sponses to increasing rates of P fertilizer (Table 5) . However, quadratic models also described the responses well 2 (Table 2) . Yield responses to P at Location 4 resembled those at Location 3 more than Location 2. The in all three crops. These quadratic responses were due to large increases from P0 to P1 and then moderate TRS at Location 4 declined linearly with increasing P rates in the plant-cane crop and showed a tendency to increases from P1 to P2. Both the Pw and Pa results predicted the positive TCH and TSH responses to indecline in the second-ratoon crop (Table 6 ). Quadratic fits best described the plant-cane and second-ratoon creasing rates of P fertilizer at Location 3.
A major difference between Locations 1 and 3 were responses of TCH and TSH at Location 4. In the plantcane crop, the TCH declined from P1 to P2. This decline, the TRS responses. In two of the three crops at each location, P fertilizer level did not affect TRS. However, along with the linear TRS decline, resulted in a TSH yield at P2 similar to that at P0. Second-ratoon TCH raised several questions. We found that testing the soil for Pa as described by Korndö rfer et al. (1995) provided and TSH responses were similar to those of plant cane except that yields remained similar at P1 and P2. In the a better basis for P-fertilizer recommendations than the Pw test on organic soils with low Pw values. However, first-ratoon crop at Location 4, TRS did not respond to P while TCH and TSH had moderate linear increases previous findings relating pH and P were not confirmed in this study. Further, there were some important, but with increasing P fertilizer. Both the Pw and Pa tests were effective at predicting TCH and TSH increases not well defined, differences in TCH and TSH responses due to crop year (i.e., plant cane, first ratoon, or second from P0 to P1. However, the moderate Pa result was more indicative that positive yield responses would not ratoon). TRS responded positively, not significantly, or negatively to increasing P rates, and neither Pw nor Pa continue from P1 to P2. Neither Pw nor Pa was effective at predicting the negative TRS responses.
were useful in predicting these responses. Crop year may have affected this response, although as with TCH Responses of TRS, TCH, and TSH were not consistent across crop years in some of the experiments. Anand TSH, this effect was not well defined. As explained in more detail in another report (unpublished data, dreis and McCray (1998) reported differences in response across crop years and advised that P should be 1999), one possible explanation for the unexpected TRS responses to P may be that they are more genotypeapplied in each crop year to ensure adequate yields. We cannot offer the same advice because some of our dependent than TCH responses. There are substantial gaps regarding the response of observed responses were negative. Farmers in the EAA could achieve more consistently high yields and reduce sugarcane to P in the EAA. Due to ecological concerns, a critical research program for sugarcane farmers is to P discharge to the Everglades if further studies could predict under what conditions such negative responses have these knowledge gaps filled. Evidence in the present study suggests that more detailed studies of soil pH occur. A second minor difference between our results and those of Andreis and McCray (1998) was that we and sugarcane genotype and their interactions with soil P are logical subject areas for further research. As preobserved some linear yield increases with P fertilizer rates up to 48 kg ha
. Andreis and McCray (1998) viously explained by Diaz et al. (1993) , more knowledge about factors affecting P mineralization rates probably reported that there were no yield increases beyond P rates of 36 kg ha
. However, three of our experiments also would improve P soil test calibrations for sugarcane yields. were conducted on soils with very low Pw values (Table 2).
Choosing P fertilizer rates in the EAA is a difficult REFERENCES process. As with other farm operations, an important The present study offered some clarification, but also
